Impact of γ-irradiation on extracellular matrix of porcine pulmonary valves.
The extracellular matrix plays an important role in heart valve function. To improve the processing of porcine pulmonary valves for clinical use, we have studied the influence of cryopreservation, decellularization, and irradiation on extracellular matrix components. Decellularization was carried out followed by DNAseI/RNAseA digestion and isotonic washout. Valves were cryopreserved in 10% DMSO/10% fetal bovine serum, and then subjected to 25-40 kGy γ-radiation. Extracellular matrix constituents were evaluated by histologic staining, immunohistochemistry, transmission electron microscopy, and liquid chromatography/mass spectrometry. Histologic, immunohistochemical, ultrastructural, and biochemical analyses demonstrated a marked reduction in the expression of extracellular matrix components particularly in the valves that had been γ-irradiated following decellularization and cryopreservation. In this group, histology and immunohistochemistry showed an obvious reduction in staining for chondroitin sulphates, versican, hyaluronan, and collagens. Transmission electron microscopy revealed the smallest fibril diameter of collagen, shortest D-period, and loss of compactness of collagen fiber packaging and fragmentation of elastic fibers. Biochemical analysis showed loss of collagen and elastin crosslinks. Decellularization followed by cryopreservation showed some reduction in staining for collagens and versican, smaller diameter, shorter D-period in collagen fibers, and ridges in elastic fibers. Cryopreservation alone showed minimal changes in ECM staining intensity, collagen, and elastin ultrastructure and biochemistry. γ-Irradiated valves that have been decellularized and cryopreserved produces significant changes in the expression of ECM components, thus providing useful information for improving valve preparation for clinical use and also some indication as to why irradiated human heart valves were not clinically successful.